more recently, in the venom of several species of poisonous snakes. 7 Testicular extract, so far as can be determined, modifies the lesions by increasing the permeability of the dermis and the connective tissues, thus permitting injected fluids and suspensions to be distributed passively through a larger area of tissue. This permeability of the dermis is not to be confused with the permeability of the vascular or lymphatic endothelium of the dermis. The first phenomenon is evidenced by a very marked change in the ease and rapidity with which injected fluids and materials in suspension disseminate through the tissue spaces. This may readily be demonstrated by comparing the intradermal injection of saline solution with an injection of testicle extract. In the first instance, a firm, raised, edematous bleb is produced and persists for many minutes before absorption * From the Department of Pathology, Yale University School of Medicine. The experimental studies described were presented by one of the authors (J. J. H.) as a Thesis to the Faculty of the Yale University School of Medicine in partial fulfillment of the requirements for the degree of Doctor of Medicine. The work was aided, in part, by a grant from the Commonwealth Fund.
takes place. The injection of testicle extract, on the other hand, may be accomplished with much less pressure, no firm edema of the tissues results, and the fluid injected spreads immediately over a large zone. During the 24 hours after the injection the effect of gravity is apparent in directing further spread of the fluid to the dependent portions of the skin.
The action of spreading factor is, in fact, dual, affecting not only the tissue permeability but that of the capillaries as well. Increased permeability of the endothelium has been demonstrated by many experiments, including those of Duran-Reynals, who showed that foreign substances injected intravenously are quickly localized in the area of skin injected with testicular extract.
The object of the experiments recorded here was to study some of the mechanisms associated with acute inflammation of the skin. In order to avoid the complication of introducing chem'ical or bacterial agents within the skin, physical means were employed, namely, the application of heat or cold. It was proposed to demonstrate that in an area of acute inflammation the response is due to a factor liberated from the injured tissues, and that this substance can be "extracted" from the injured tissues in vivo by taking advantage of the peculiar properties of the spreading factor in testicle extract. By utilizing its ability to increase the ease of diffusion' of injected fluids through an area of injury and outward to skin hitherto uninvolved, it will be shown that as the injected testicular extract perfuses through such an area it carries with it materials capable of inducing an inflammatory response in skin not previously injured.
It will also be shown that the intravenous or intraperitoneal injection of testicular extract produces a marked change in permeability, both of the capillary endothelium and of the tissues of the skin, and that inflammatory reactions induced in such animals are greatly enhanced.
Materials and Methods
Normal rabbits and guinea-pigs were employed. The required area of acute inflammation was produced by applying a S/8-inch steel bar heated to 95-1000 C. to the skin on the flanks of the animals. The iron was held firmly against the skin for 30 seconds. Immediately after the injury testicular extract was injected, either directly into the heated area or intravenously. In guinea-pigs the peritoneal rather than the intravenous route was used.
The progress of the lesions was followed during the first 72 hours. Materials for histological preparations were taken between 18 and 36 hours, when the gross reaction was at its height. Fixation was done with 10 per cent formalin; hematoxylin-eosin staining was used.
The extent and severity of the lesions were recorded in drawings made at the height of the gross reaction and the areas measured with a planimeter.
Preparation of Testicular Extract
The testicular extract was prepared by dissolving the purified acetone extract of bulls' testicles* in normal saline, the solution having a concentration of 1:500. The Berkefeld filtrate of this solution was clear and colorless and produced no inflammatory reactions in control animals.
Experimental
In a series of preliminary experiments various methods of applying heat to the skin were tried, and the use of a heated steel bar was adopted as producing the most uniform injury. During the course of these trials a number of the lesions, immediately after production, were injected with testicle extract. It was noted that a -severe injury, accompanied by some necrosis of the skin, hibited, that is, the lesions (3) Testicle extract injected intravenously;
were spread and very shortlived, as if the local concentration of some inflammation-producing factor had been reduced.
Employing a steel rod, heated to 950 C., 12 lesions were produced to serve as controls. These were remarkably uniform and consisted of a sharply demarcated central area, of the same crosssection as the applicator, surrounded by a zone of reddened, swollen skin. The areas of these lesions are listed individually in Table 1 appearance of the skin after 18 hours was in decided contrast to that of the control animals. The site of application of the hot rod was surrounded by a much larger zone of reddened skin (Fig. 1) ; the greater portion of this peripheral spread was below the point of injury, directed by gravity. The area of the inflammatory spread averaged 23.9 sq. cms., in contrast to 6.8 sq. cms. seen in the control animals. See Table 1 and Fig. 2 . Material for histologic study was taken from several regions; one section from the center of the heated area and several sections from the surrounding zones, at comparable levels in each animal. The histologic changes were uniform throughout the control animals and showed some necrosis of the epithelium and loss of staining quality in the central area of the burn, congestion of the blood vessels, and edema, together with a cellular exudation of polymorphonuclears and mononuclears in the peripheral zones. In the animals which received testicle extract, sections of skin far removed from the point of injury, but lying within the area of spread, showed a similar picture, with congestion, edema, and cellular exudation (Figs. 3, 4,  5, 6) .
In order to demonstrate that the injection of testicle extract did not of itself contribute to this reaction, a series of 25 injections of the extract alone was carried out and histologic sections prepared. In none was there any inflammatory reaction visible. A separation of the collagen fibers of the skin was noted as the only change (see Fig. 6 ).
The experiments with the guinea-pigs were carried out in precisely the same manner as were those with the rabbits. Five lesions were produced by heating the skin with the steel rod. These were then injected immediately with 1 cc. of testicle extract. The results paralleled those obtained with the rabbits, with the exception that erythema could not be seen on the skin surface, probably because of the thickness of the skin of these animals. The microscopic changes in the affected skin were similar in all respects to those found in the rabbits. The average area of inflammatory spread, as judged by the edema, was 13.3 sq. cms., as compared with 1.45 sq. cms. seen in the two control lesions. These measurements are tabulated in Table 2 . Three injections of testicle extract alone produced no inflammatory reactions; only the separation of the collagen fibers noted in similar injections in the rabbits could be seen.
The effect of testicle extract injected directly into an area of skin injured by cold
In the preceding experiments the local lesions produced by heat were accompanied by some superficial necrosis of the skin, and were enhanced by the injection of testicle extract. Somewhat milder lesions are produced by the application of solid carbon dioxide (dry ice) and are more easily standardized than are those produced by heat. In an attempt to determine whether such mild lesions could be spread by testicle extract to such an extent that their "local" character would be lost the following experiments were done.
A block of dry ice measuring 2.5 cms. square was applied firmly to the depilated rabbit skin for periods varying from 1.5 to 2.5 minutes. In one such group of animals the lesions were left untreated, as controls, and in another group the lesion, immediately after its production, was injected with 1 cc. of testicular extract.
In the case of the animals to which the ice had been applied for 1.5 minutes, mild lesions were produced, characterized by local reddening and swelling, but with no necrosis. The immediate injection of such an area with 1 cc. of testicle extract resulted in a suppression of the gross manifestation of the lesion within the succeeding 24 hours. No inflammatory spread was visible and it was barely possible to find the original site of the injury. The histologic picture throughout the area to which the ice was applied and in the region where a spread would be anticipated was that of a mild acute inflammatory reaction. In the areas treated with ice for 2.5 minutes and injected with testicle extract, local reddening and swelling could still be seen at the end of 24 hours, together with a spread of the erythema and edema to the surrounding skin, as in the case of the animals treated with heat. The histologic picture was identical with that produced after heating, save in the central area, where there was no evidence of necrosis. These results are tabulated in Table 3 . The effect of testicle extract injected intravenously or intraperitoneally upon an area of skin injured by heat A total of 25 lesions was produced upon the flanks of rabbits by heating the skin, as previously, with the steel rod. Immediately afterward these animals were given S cc. of testicle extract intravenously. The immediate reactions were similar, but after 12 to 18 hours the treated areas were surrounded by a wide zone of edematous and congested skin, usually circular in outline. After 24 hours the spread of the edema by gravity was noted, just as in those animals which received the injection of testicle extract directly into the heated area. The area of inflammatory spread averaged 17.4 sq. cms., as is shown in Table 1 . Histologic preparations made 24 hours after production of the lesions showed a picture which was entirely similar to that seen with the spread after direct injection. It was again the picture of an acute inflammatory reaction.
In the experiments with the guinea-pigs, the intraperitoneal route was substituted for the intravenous. The results paralleled in all respects those obtained with rabbits injected intravenously, except that erythema, if present as a component of the inflammatory spread in the guinea-pigs, could not be seen grossly. As already mentioned, this was probably due to the thickness of the skin in these animals. A spread of obvious edema was obtained which followed the pattern described in the rabbits injected intravenously. The average area of this spread was 6.7 sq. cms., as compared with an area of 1.45 sq. cms. for the edema surrounding the control lesions. These results are presented in Table 2 . The microscopic changes in the affected skin are similar in all respects to those found in the rabbits.
The effect of testicle extract injected intravenously upon an area of skin injured by cold Of the three lesions produced in this group, two were moderate in severity (treated with dry ice for 2.5 minutes) and one was mild (treated for 1.5 minutes).
The mild lesion in this case also could barely be found on the skin surface 24 hours after production and no spread was seen grossly. Histologically, however, the picture of a mild acute inflammatory response in the area treated with the ice and in the region where a spread would be anticipated was very clear. Below each of the two moderately severe lesions was an area of spread consisting of erythema and edema, grossly more pronounced than the area of spread below the lesions directly injected. The microscopic anatomy was of the same character, though the acute inflammatory response was more intense than in any of the other ice experiments. Again, no necrosis was present grossly or histologically. The area of spread averaged 15.0 sq. cms. These results are found in Table 3 . Discussion The injuries produced in the skin of experimental animals by the application of either heat or cold tend to remain localized. If the source of the heat or cold is applied directly to the skin, as was done in the experiments above, a very sharp outline of the applicator is produced which soon becomes surrounded by a narrow zone of edematous, reddened skin. This suggests that the skin in the surrounding zone, while not directly injured by the application of heat or cold, is involved by a "spread" -of the inflammatory process from the injured area.
The fact that this spread of the inflammatory reaction is so greatly enhanced by either the local or systemic injection of testicular extract indicates that the peripheral inflammation is caused by some factor liberated by the injured tissues, which spreads away from the locus of injury and that the extent of the spread is directly proportional to the permeability of the tissues. The dry ice experiments, in which mild lesions were diminished in severity by the action of the spreading factor, appear to parallel the work of Duran-Reynals with varying amounts of bacteria together with testicular extract. He found' that there was a certain "(minimal effective concentration" of bacteria above which the lesions were enhanced by spreading and below which they were totally or partially suppressed. In the case of the burns and of the moderately severe dry ice injuries the lesions were enhanced, while in the milder dry ice injuries they were partially suppressed. Sumnmry 1. The local application of heat or cold to the skin of experimental animals results in a sharply localized area of acute inflammation.
3. This increase in size of the inflamed area results in a marked diminution of the intensity of the lesion when the initial injury is mild.
4. Control experiments show that the partially purified testicle extract employed does not produce any gross or microscopic inflammatory reaction.
5. It is suggested that a factor liberated by the injured tissues is responsible for the inflammatory reaction, and that the fixation by the tissues of this factor in the site of injury may be overcome by the use of testicle extract.. This results in the enhancement of severe lesions, by increasing the affected area, and in suppression of mild lesions by the same process. 
